The heritability of atrial fibrillation (AF), the contribution of genetic and environmental factors, and the association of a family history of AF with prognosis are unclear.
A trial fibrillation (AF) is the most common clinically significant dysrhythmia, which can result in thromboembolic events, heart failure, and even death. 1 The pathophysiological mechanisms responsible for AF are multifactorial.
Investigators have reported that genetic variants underlie specific types of AF. 2 Genome-wide association studies also support a role of genetic factors in the pathogenesis of AF. 3 However, the exact roles of candidate genes associated with these polymorphisms in the development of AF are controversial. 4 The apparent gap in the observed and estimated genetic contributions may be due to unidentified risk alleles or, more plausibly, the overestimation of heritability. 5 The findings of several studies [6] [7] [8] [9] have suggested that AF aggregates within a family. For example, in a subgroup of 2243 offspring in the Framingham Heart Study, 10 a parental history of AF was shown to be associated with an odds ratio of 1.85 for AF events in the offspring. In addition, an Icelandic study 11 reported a similar relative risk (RR) of 1.77 for AF in firstdegree relatives of patients. A Danish study 12 compared the risk of AF between monozygotic and dizygotic twins and estimated a heritability of 62%. These studies support a varying degree of the familial aggregation of AF, which may be attributable to genetic or shared environmental factors. If a family history of AF is associated with the incidence of the disease, it is plausible to hypothesize that there may be an association between such a family history and prognosis. A recent analysis of the incidence in the Outcomes Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) revealed that, once AF developed, similar risks of thromboembolism were associated with a family history of AF compared with no family history. 13 However, other complications of AF were not evaluated. Some important questions remain with regard to the familial risk of AF. First, the distribution of the phenotypic variance in AF is unclear. The weight of the genetic component on the occurrence of AF has never been measured for the whole population, to our knowledge. Second, to date, the risk of major adverse cardiovascular events (MACE) has not been estimated between patients with vs without a family history of AF in a matched manner. Therefore, we conducted this study to (1) estimate the RR of AF in individuals with affected relatives of specific kinship; (2) describe and measure the relative contributions of genetic, shared, and nonshared environmental factors to susceptibility to AF; and (3) compare MACE-free survival of patients having AF with vs without a family history of AF in essentially the entire population of Taiwan in 2013.
Methods

Study Population
This study was approved by the Institutional Review Board of Chang Gung Memorial Hospital, Taipei, Taiwan. Patient informed consent was waived because all research data in this study were anonymous. The National Health Insurance covered more than 99.5% of all Taiwanese residents in 2013. We obtained a custom data set containing the data of all patients having a diagnosis of AF recorded between January 1996 and December 2013 in the Taiwan National Health Insurance Research Database (NHIRD). The dates of analysis were January 2010 to December 2013.
The methods of genealogy reconstruction using recorded family relationships in the NHIRD have been described previously. 14, 15 Briefly, by analyzing the birth certificate and the dependent, insurance, and employment status, we were able to establish family relationships (parents, offspring, full siblings, twins, and spouses). A family was defined as a cluster of individuals who were related to each other by blood or by at least one common blood relative. Among 29 505 197 beneficiaries included in the registry, 7 856 663 were registered by themselves without any relationships to other people over a span of 19 years. The rest of the beneficiaries were clustered into 4 042 209 families, with a mean family size of 5.4 persons.
To estimate the association of first-degree relatives affected by AF and MACE, we matched incident AF patients with a family history to those incident AF patients without a family history. All newly diagnosed patients having AF with an affected first-degree relative between 2000 and 2010 were selected. A 1:4 matched cohort of AF cases without affected firstdegree relatives was constructed according to calendar year of initial diagnosis, CHA2DS2-VASc parameters (congestive heart failure, hypertension, age, type 2 diabetes, stroke, transient ischemic attack, vascular disease, and sex), and medication use within the first year after the diagnosis of AF and used as a control to compare their MACE-free survival.
Case Definition of AF
Ascertainment of AF was based on an International Classification of Diseases, Ninth Revision (ICD-9) code of 427.31. To improve the diagnostic accuracy, we defined patients as having AF only when they had code 427.31 as their discharge diagnosis or when they had more than 2 outpatient visits with the same code. 16 The same registry and definition of AF have been applied in our group's previous studies.
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Definition of MACE MACE were defined as an admission with a primary diagnosis of stroke (ICD-9 codes 430-437), myocardial infarction (ICD-9 code 410), or coronary angioplasty (ICD-9 procedure code 360).
Key Points
Question Is a family history of atrial fibrillation associated with a higher incidence of atrial fibrillation or worse outcomes?
Findings In a nationwide population-based study of more than 23 million people in Taiwan, individuals who had first-degree relatives with atrial fibrillation had a mildly increased risk of new atrial fibrillation. Once atrial fibrillation had been diagnosed, family history was not associated with more major adverse cardiovascular events.
Meaning Family history may be helpful in the diagnosis but not the management of atrial fibrillation.
Similar codes and definitions have been applied and validated in other investigations using data from the NHIRD. 20 Because the cause of death was not available, we did not include cardiovascular mortality as one of our MACE definitions.
Covariates
We considered age, sex, occupation, income level, urbanization of residence, and family size to be potential confounders or to potentially affect familial associations. Therefore, they were included as covariates.
Statistical Analysis
The prevalence of AF was calculated for the general population and for individuals with an affected first-degree relative as of July 1, 2013. We calculated the RR of AF as the adjusted prevalence ratio between first-degree relatives of an individual with AF and the general population. The RRs estimated in this study were essentially relative recurrence risks according to the original definition by Risch, 21 which is the prevalence ratio between individuals with a specific type of affected relative and the general population. The RRs and tetrachoric correlations were calculated for individuals with an affected first-degree relative of any kinship and for individual first-degree relatives (parents, offspring, full siblings, and twins) and spouses. Because the kinship and sex of the affected relative may have also affected the familial risk, models were fitted separately according to kinship and relatives. Twins were calculated separately from the sibling analysis, and the RRs were estimated for the number of affected first-degree kinships (father, mother, son, daughter, brother, and sister). In this model, we compared the risk of AF in individuals having 1 or 2 affected first-degree relatives with the risk in the general population. 14 Heritability was defined as the proportion of the phenotypic variance attributable to genetic factors. Familial transmission was defined as a measure of the combined contribution of genetic and environmental factors to susceptibility to AF. The standard ACE model (additive genetic, common environmental factors shared by family members, and nonshared environmental factors) 15, 22 was applied and is described in the eAppendix in the Supplement. Spouses were used as controls to estimate the contribution of shared environmental factors to the phenotypic variance, assuming that they shared the family environment with no close genetic relationship. It should be noted that spouses affected only shared adult environment but not early life factors. The liability of AF for the affected individuals was greater than a critical threshold (threshold liability model), the value of which could be determined from the prevalence of AF among the affected and general populations. 23 An adjusted MACE-free survival analysis was carried out using a multivariable Cox proportional hazards regression model to determine the association of affected first-degree relatives with long-term MACE among patients having AF in the cohort of incident AF patients and their matched controls. Follow-up started from the date of initial diagnosis until the occurrence of MACE or deregistration at the end of 2013. Allcause mortality was considered a competing risk to estimate subdistribution hazard in a secondary analysis. 24, 25 All analyses were performed using statistical software (SAS, version 9.3; SAS Institute Inc). Two-sided P = .05 was considered statistically significant.
Results
Prevalence of AF Among Patients With Affected First-Degree Family Members vs the General Population
The study population comprised all 23 422 955 individuals registered with the database in 2013, of whom 177 770 had a diagnosis of AF and were included in the heritability estimation, giving a crude prevalence of 0.8%. There were slightly more men (98 874 [0.9%]) than women (78 896 [0.7%]), with a ratio of men to women of 1.15:1. In the general population, 300 239 individuals (1.3%) had at least one first-degree relative with AF (Table 1) , including 279 756 with affected parents, 10 973 with affected offspring, 11 253 with affected siblings, and 44 with affected twins (some had more than one relative affected). The age-specific prevalence of AF was higher among those with affected first-degree relatives with AF than among the general population. Both groups had a peak of AF prevalence at an age older than 70 years, while patients with a family history had another earlier, separate peak at age 40 to 50 years ( Figure) . 
RRs for AF in Patients With Affected First-Degree Relatives
Age at Onset of AF
The age distribution of patients having AF with vs without a family history of AF is shown in eFigure 1 in the Supplement. In general, AF rarely occurred before age 25 years, and most of the patients had an age at onset of 50 years or older.
Patients with a family history of AF tended to develop AF earlier (median age at onset, 59 years) than those without a family history (median age at onset, 69 years) (P < .001).
Familial Resemblance and the Heritability of AF
Using the threshold liability model, we estimated that the accountability for the phenotypic variance of AF was 19.9% for genetic factors (heritability), 3.5% for shared environmental factors, and 76.6% for nonshared environmental factors. In other words, familial transmission of AF was 23.4%. Given the previously estimated parameters, the probability for sporadic AF was 82.8% (eFigure 2 in the Supplement). Table 3 ). The mean follow-up times were 5.49 vs 5.56 years in those patients with vs without affected first-degree relatives. The RRs for MACE among the 2 groups were then compared in patients with vs without first-degree affected relatives. The RRs in patients who had a first-degree relative with AF were 0.79 (95% CI, 0.61-1.03) for ischemic stroke, 0.58 (95% CI, 0.30-1.14) for acute myocardial infarction, 0.73 (95% CI, 0.49-1.08) for coronary revascularization, and 0.86 (95% CI, 0.76-1.00) for compositeMACE( Table 4) . eFigure 3 in the Supplement shows that newly diagnosed patients having AF with vs without an affected first-degree relative had similar MACE-free survival. After considering all-cause mortality as a competing risk, the hazard ratio for MACE was 0.91 (95% CI, 0.78-1.06).
MACE-Free Survival in
Discussion
In this study, we investigated the familial aggregation of AF in a population of more than 23 million people. The analysis yielded 4 main findings. First, patients with an affected first-degree relative were 1.92 times more likely to have AF than the general population. Second, genetic and shared environmental factors both had a minor role in the pathogenesis of AF, although nonshared environmental factors accounted for two-thirds of the phenotypic variance for susceptibility to AF. Third, age at onset of AF was 10 years younger in patients with a family history of AF than in those without a family history. Fourth and most important, among patients with AF, a family history of AF was not associated with an increased risk of MACE after matching for CHA2DS2-VASc parameters. The moderate familial aggregation of AF found in this study is consistent with previous family studies. 7, 10 However, the estimated familial risk of AF was dependent on the age of the studied population and the type of AF being studied. For example, previous family studies [9] [10] [11] 26 have reported higher RRs in younger patients with lone AF. The RRs reported in this study were calculated from the whole population and therefore included all age groups and all types of AF. We found that a family history of AF was associated with approximately twice the risk of AF than in the general population and demonstrated that having 2 or more affected first-degree relatives was associated with a higher RR of 3.63. The magnitude of the RR was associated with the genetic distance of the affected kinship, with twins having the highest RR of 12.15. These findings support the existence of a familial aggregation of AF, although the magnitude of the risk was lower than previously reported. 9 In addition, we found that AF in patients with a family history of AF tended to have an age at onset 10 years earlier than those without a family history. Therefore, a family history was associated with an increased overall risk of AF and an earlier onset of disease. It should be noted that the familial risk is higher in individuals who are younger, manifest closer relatedness, or have more affected relatives. Taken together, these findings suggest that AF is a multifactorial or complex disorder. 27 Although there was no significantly different family risk between the sexes, a slightly stronger male transmission also implied that AF was a complex trait (the Carter effect).
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An increased risk of AF in patients with an affected family member suggests that AF is a heritable condition; however, both genetic and shared environmental factors contributed to the familial risk of AF. Assuming that spouses share the familial environment but not genetics with other family members, they can be used to estimate the relative contribution of shared environmental factors to susceptibility to AF. We found that only approximately 20% of the phenotypic variance was due to genetic factors and that shared environmental factors only contributed marginally, whereas nonshared environmental factors accounted for more than two-thirds of the phenotypic variance. Compared with a 44% genetic contribution of the phenotypic variance in systemic lupus erythematosus, 14 the decreased heritability of AF would be considered a minor component. Given that multiple comorbidities of AF, such as hypertension, diabetes, hyperthyroidism, and chronic kidney disease, have substantial heritability, the genetic contribution of AF per se may be lower than the estimated 20% after subtracting the association of concomitant diseases and structural changes. However, we were not able to test this hypothesis due to a lack of complete clinical data for the entire population, and further studies are needed to clarify this issue. Numerous environmental risk factors for AF have been reported, including diet, alcohol or coffee consumption, air pollution, endurance sports, and smoking. Most important, some comorbidities (eg, hypertension, heart failure, valvular diseases, obesity, sleep apnea, hyperthyroidism, chronic kidney disease, and chronic obstructive pulmonary disease) should also be considered environmental factors. 29 The interaction between these environmental factors is complex and beyond the scope of the present study. Many clinical characteristics have been proposed to predict the prognosis of AF, including heart failure events, diabetes, smoking, and lung conditions. To our knowledge, the present investigation is the first large study to examine whether a family history of AF is associated with stroke or coronary events. The results showed that patients having AF with an affected first-degree relative with AF had a risk of MACE similar to that of patients without an affected first-degree relative with AF. This finding suggests that a family history of AF may be irrelevant in choosing the management strategies for AF in terms of stroke prevention.
The validity of this study is strengthened by the use of the NHIRD, which contains information on the entire population of Taiwan. In addition, the definitions of AF and MACE used in this study have been validated. 30 
Limitations
Our study has some limitations. First, lone AF was not analyzed separately because it is difficult to identify lone AF cases using administrative data, although it is expected to have a higher heritability than common AF. 3, 31 Nevertheless, few patients have lone AF, and our primary objective was to measure the extent to which genetic factors have a role in common AF. The association of catheter ablation with AF was not available in the data set. Second, heritability was estimated using a threshold liability model, which assumed that cases of AF resulting from an underlying liability were normally distributed in the population. However, validation of this model has been verified in studies on schizophrenia, bipolar disorder, and major depression using Danish and Swedish population databases. 32 In addition, there was no formal validation of AF diagnosis or familial relationship in the registry, although identical methods have been applied in multiple studies. 14, 30, 33 Third, our nationwide genealogy reconstruction did not cover the entire population. Some individuals, especially mobile populations (eg, foreign workers or Taiwanese nationals living abroad), tend not to have recorded family relationships in the NHIRD. However, we believe that this limitation did not adversely affect our results because the procedure of reporting familial relationships is not related to AF or a family history of AF. Fourth, using spouses as a reference may have resulted in an underestimation of heritability because assortative mating was not considered. 23 Fifth, our estimations were based on the population in Taiwan, and these findings may not be applicable to other populations. Therefore, additional studies in other populations are required to clarify the generalizability of our observations. Sixth, several residual risk factors for MACE other than CHA2DS2-VASc parameters and medication use, such as renal function, were not considered in the Cox proportional hazards regression model. In addition, we did not have complete original claims data for individuals without AF; therefore, we were not able to include factors like comorbidity and service use in the model. Seventh, because a lack of differentiation exists between various forms of AF (secondary vs primary, rheumatic vs nonrheumatic, and paroxysmal vs persistent) and given the observation that AF occurred much earlier in patients having first-degree relatives with AF, it is premature to conclude that genetics does not have a pivotal role in the pathophysiology of AF.
Conclusions
In this nationwide population-based study, AF was found to aggregate in families. Despite this observation, nonshared environmental factors seemed to have a stronger contribution to the phenotypic variance of AF than genetic factors. Age at onset of AF in patients having a first-degree relative with AF was much earlier than in those not having a first-degree relative with AF. However, patients having AF with vs without a firstdegree relative affected by AF had a similar risk of stroke and coronary events. These findings provide valuable information for future studies on genetic and familial risks of AF, and they suggest that a family history of AF may not be particularly useful in the management of patients with AF.
